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ORIGIN OF THE LOW FREQUENCY SOUND
ABSORPTION IN SEA WATERT

Ernest Yeager,* F. H. Fisher,** John Miceli* and Robert Bressel*

*Chemistry Department
Case Western Reserve University
Cleveland, Ohio 44106

**University of California, San Diego
Marine Physical Laboratory of the
Scripps Institution of Oceanography
San Diego, California 92132

ABSTRACT

Temperamre-jump measurements in sea water over the
time domain 107 to 1072 sec reveal a single relaxation of 130 usec
at 9.7°C, which appears to correspond to the ~1 kHz relaxation
found from long range sound propagation, Laboratory measure-
ments indicate the relaxation to originate from boron with the
B(QH)4 - B(OH), equilibrium the likely relaxing process. This re-

search was sponsored by the Office of Naval Research.

Sea water exhibits large excess acoustcal
absorption of frequencies below 100 kHz because of
a chemical relaxation involving magnesium sulfate
with a relaxation frequency of ~70 kHz, c¢orres-
ponding to a relaxation ime 7 = 2.3 psec.~ From
analysis of long range acoustic propagation in the
deep sound channel (depth 1300 m at ~4°C), Thorpg/
has concluded that sea water has an additjonal re-
laxation at ~1 kHz (7 = ~160 usec) which further in-
creases the absorption by a factor of ~10 over the
magnesium sulfate absorption. Long range sound
propagation studies in Lake Superior and Lake Tan-
ganyika have alsc been reportedi/ to yield similar
excess absorpton at frequencies below 1 kHz but

t joint contribution from the Scripps Institution of
Qceanography, University of Califernia, San Diego
and Case Western Reserve University, Cleveland,
Ohio,

these absorption data are far less certain and re-
main to be confirmed.

The acoustical absorption of sea water has
not been measured in the laboratory at such low
frequencies because of the very small attenuation
coefficients (i.e., 10"1 dB/km at 1 kHz). Other
relaxation methods, however, can be used to obtain
information concerning the origin of this low fre-
quency acoustic relaxation. This communication
reports laboratory measurements on real= and
synthetic sea water by the temperature-jump/ re-
laxation method, which confirms the existence of a
relaxation in sea water of the proper relaxation
dme and identifies the boric acid-borate system as
responsible for this low frequency relaxation.

The relaxation spectrum of sea water was
examined in the range 105 to 10'2 sec with tem-
perature-jump apparatus (Messanlagen Studien-
gesellschaft)if in which a temperature rise of ~3°C
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is produced in < 10*6 sec through a condenser dis-
charge through the solution, The subsequent re-~
laxation is followed optically by means of a hydro-
gen ion sensitive color indicator (2.0 x 1077 M
phenol red unless otherwise noted), Only one re~
laxation was found with 7 =107 usec at 25,5°C,
Modification of the pH of the sea water by small ad~
didons of HCl or KOH had no effect on the relaxa~
tion time over the pH range 7.2 to B,7. At a pH of
9.46, the relaxation time increased to 153 usec,
using 2.0 x 1075 M thymol blue as the indicator to
give adequate sensitivity at the higher pH(see Table
I).

Dilution of sea water by a factor of two
with a solution consisting of 0.7 M NaCl plus suffi-
cient NaHCOS to yield a final pH 7.66 increased r
to 160 usec at a pH of 7.5 and 25,5°C. For a simi-~
lar dilution by 5 fold, 7 increased to 460 usec, Upon
restoring the total boron concentration to the normal
sea water value of 4 x 107" M by adding NaB40+,
the relaxation time of the 5-fold diluted sea water
decreased from 460 to 118 usec, a value essentially
the same as that of undiluted sea water. Lowering
the temperature to 9.7°C increased the relaxation

TABLE I. Relaxation times measured with the tem~-
perature-jump method &

A, pH dependence of 7 in sea water P at 25.5°C

pH 7.17 7.66 8,54 9.46
T{usec) 107 107 107 153

B. Concentration dependence of 7 at 25.5°C in sea
water P diluted with 0.7 M NaCl and sufficient
NaI-ICO3 added to adjust the final pH to 7,66

% (volume) 100 30 20
sea water
T{usec) 107 164 456

C. Temperature dependence of 7 in sea water b

temperamre 23,5°C 9.7°C
T(usec) 107 150

a’I"empe:ratl.u-e rise: ~3°C; indicator: 2 x 10°5 M
phenol red except at pH 9,46, 2 x 10‘51\_4 thymal
blue. Temperatures listed are values following
temperature rise.

bSea water sample obtained from Standard Sea

Water Service, I.A.P.8.0., Charlottenlund, Den-

mark, Chlorinity: 19.375%/%, 12-13/6/1971,
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time of undiluted sea water to 150 usec, which com-
pares favorably with the value of 160 usec calculated
from Thorp's analysis from long range acoustic
propagation data at ~4°C.

To establish further that the boric acid-
borate system is responsible for the observed re-
laxation, synthetic sea water was prepared accord-
ing to the Lyman-~-Fleming formulation 8/ put without
any borates or boric acid added, This formulation
includes only constituents at concentrations above
1ppm.7/ Such boron-free synthetic sea water did
not exhibit any relaxation i 1n the temperature-jump
apparatus in the 107 “5 t0 1072 sec range. Upon addi-
tion of sufficient boric acid to duplicate the total
boron concentration in real sea water, the relaxa-
tion reappeared with T =92 psec. Similar results
are to be expected with the addition ofsodium tetra-
borate in place of boric acid since the tetraborate
anjon is in equilibrium with the B(OH)4 anion and
boric acid, Only the pH will differ and then only by
a few tenths of a pH unit over a range where the re-
laxation time appears to be relatively insensitive to
pH in sea water,

Anderson et al.g/ have examined the re-
laxation spectra of poric acid in 0.1 M NaClO, solu-
tions using the temperature-jump method, The total
boron concentrations, however, were in the range
0.06 to 0,6 M, which is much higher than in sea
water or used in the present study. These authors
observed a concentration dependent relaxation time
with a value of 12,9 msec at 0.06 M total boron
concentration at 25°C, At lower Eancentrations,
this relaxation time should become even longer and
hence be far longer than the sea water acoustic re-
laxation time. Anderson et al, assigned the relaxa-
tion which they observed to the reaction

2B(OH)3 + B(OH);~ == B3O3(0H),” +3H0 (1)

At the concentrations and pH invelved in their smd-
ies, the concentration of the polymeric species
B303(0H)4~ as well as boric acid should be appre-
ciable, At the total boron concentrations and pH of
sea water, however, the equilibrium constant data
of Ingri et al. 2. 10/ jndicate that the concentrations
of the vanous pelymeric borates [e.g., B3O3(0OH)",
B303(0H)52~, B4O5(OH)4%™ | should be far too small
to account for the excess acoustic absorption of sea
water below 1kHz or the relaxaton effects chserved
in the present work,

Knoche_/ has proposed that the relaxation
of an aluminum sulfate complex is responsible for
the excess sound absorption in sea water below a
few kilohertz, If the excess absorption is calculated
usingthe rate constants obtained by Kalidas, Knoche
and li}Jadopoulos 12/ and the value listed by Gold-
bergL/ for the concentration of aluminum in sea
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water (0.01 mg/liter or 4 x 10 -7 M), the predicted
excess absorption to be expected is far too small to
explain the observed ahsorption. Further, the
omission or addition of A1 at 4 x 1077 M to the
artificial sea water had no effect on the observed
telaxation with the temperature-jump method.

The chemical process responsible for the
excess acoustic absorption in sea water and the re-
laxation observed in the present study is believed to
involve an acid-base equilibrium between B(CH);
and B{(OH),~ of the form

B(OH), + N+ H, 0 += B(OH)4'+(HN)+ (2)

where N is a Lewis base such as OH™ or CO3 . Re-
action/ may proceed through two steps as sug-
gested by Muetterties =%/ with the slow step involv-
ing the rearrangement from a trigonal to tetra-
hedral distribution of oxygen around boron. This
rearrangement should result in a substantial con-
tribution to the activation free energy for the acid-
base conversion with the result that the overall
B(OH);3 - B(OH)4~ conversion should be much slower
than expected on the basis of simple diffusion con-
trol.

In sea water, reaction 2 will be coupled to
other processes involving OH™ and icns, includ-
ing the GOy~ - HCOz" - HyCO3 equilibria 1415/
which in turn are coupled to such processes as the
formation of MgCO3 and CaCOq complexes.-lif—l.sl/
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The complete analysis of the boric acid-borate re-
laxation in sea water is expected tobe quite compli-
cated and will be the subject of a future investiga-
tion. A preliminary analysis, however, indicates
that the data in TableI are reasonable for reaction 2
as the slow relaxing process.

While the relaxation time from the tem-
perature-jump study corresponds to that from the
long range acoustic propagation studies in sea
water, the temperature-jump method does not yield
information concerning the volume change (AV) of
the relaxing process. Such is needed to calculate
the excess acoustical absorpton to be expected from
the relaxation. Efforts are in progress to deter-
mine AV uging the pressure shock wave relaxation
method ==/ with the conductivity read-out normally
used with this method replaced with an optical read-
out similar to that involved inthe temperature-jump
studies,
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